The E1 enzyme, also called pyruvate dehydrogenase, is composed of four parts (subunits): two alpha subunits (called E1 alpha) and two beta subunits (called E1 beta). Mutations in the gene that provides instructions for making E1 alpha, the PDHA1 gene, are the most common cause of pyruvate dehydrogenase deficiency, accounting for approximately 80 percent of cases. These mutations lead to a shortage of E1 alpha protein or result in an abnormal protein that cannot function properly. A decrease in functional E1 alpha leads to reduced activity of the pyruvate dehydrogenase complex.
Other components of the pyruvate dehydrogenase complex are also involved in pyruvate dehydrogenase deficiency. Mutations in the genes that provide instructions for E1 beta (the PDHB gene), the E2 enzyme (the DLAT gene), E3 binding protein (the PDHX gene), and pyruvate dehydrogenase phosphatase (the PDP1 gene) have been identified in people with this condition. Although it is unclear how mutations in each of these genes affect the complex, reduced functioning of one component of the complex appears to impair the activity of the whole complex. As with PDHA1 gene mutations, changes in these other genes lead to a reduction of pyruvate dehydrogenase complex activity.
With decreased function of this complex, pyruvate builds up and is converted in another chemical reaction to lactic acid. The excess lactic acid causes lactic acidosis in affected individuals. In addition, the production of cellular energy is diminished. The brain, which requires especially large amounts of energy, is severely affected, resulting in the neurological problems associated with pyruvate dehydrogenase deficiency.
Inheritance Pattern
Pyruvate dehydrogenase deficiency can have different inheritance patterns. When the condition is caused by mutations in the PDHA1 gene, it is inherited in an X-linked pattern. The PDHA1 gene is located on the X chromosome, which is one of the two sex chromosomes. In males, who have only one X chromosome, a mutation in the only copy of the gene in each cell is sufficient to cause the condition. A characteristic of Xlinked inheritance is that fathers cannot pass X-linked traits to their sons.
In females, who have two copies of the X chromosome, one altered copy of the PDHA1 gene in each cell can lead to less severe features of the condition or may cause no signs or symptoms at all. However, many females with one altered copy of this gene have pyruvate dehydrogenase deficiency similar to affected males because the X chromosome with the normal copy of the PDHA1 gene is turned off through a process called X-inactivation. Early in embryonic development in females, one of the two X chromosomes is permanently inactivated in somatic cells (cells other than egg and sperm cells). X-inactivation ensures that females, like males, have only one active copy of the X chromosome in each body cell. Usually X-inactivation occurs randomly, such that each X chromosome is active in about half of the body cells. Sometimes Xinactivation is not random, and one X chromosome is active in more than half of cells. When X-inactivation does not occur randomly, it is called skewed X-inactivation.
Research shows that females with pyruvate dehydrogenase deficiency caused by mutation of the PDHA1 gene often have skewed X-inactivation, which results in the inactivation of the X chromosome with the normal copy of the PDHA1 gene in most cells of the body. This skewed X-inactivation causes the chromosome with the mutated PDHA1 gene to be expressed in more than half of cells.
When caused by mutations in other genes, pyruvate dehydrogenase deficiency is inherited in an autosomal recessive pattern, which means both copies of the gene in each cell have mutations. The parents of an individual with an autosomal recessive condition each carry one copy of the mutated gene, but they typically do not show signs and symptoms of the condition.
Other Names for This Condition
• ataxia with lactic acidosis 
